ABSTRACT
INTRODUCTION
The 110 kV power equipments are important components of the electric power system, their failure influencing the performance of the entire network. The assessment of the system performance is based upon the global reliability indices, as system average interruption frequency index (SAIFI), system average interruption duration index (SAIDI) [1] . In order to compute these reliability indices, there are two fundamental approaches: analytical methods and simulation Monte Carlo methods [1, 2, 3] . Classical analytical methods (within Markov approach) require the assumption of an exponential distribution for the random variables time between failures (TBF) and time to corrective maintenance (TCM). On the other hand the operational reliability studies show that in many situations the use of exponential distribution for TBF and TCM is not realistic [4, 5, 6] . In this case the reliability indices values, the conclusions regarding the system performance, the operation costs, planning and operation decisions could be incorrect. The application of the Monte Carlo methods offers a possibility to obtain more realistic values of the mentioned reliability indices and to express these indices as probability density functions (PDF) [3] . The simulation methods require establishing the PDF of the random variables TBF and TCM for the analyzed components. The aim of the present paper is identifying and statistical testing of the TBF and TCM distributions for an 110kV power equipments (110kV/MV transformers, manual isolating switches, breakers), based upon the historical data regarding their operational behavior in a given period of time.
ASSUMED DISTRIBUTION TYPES
In case of the random variables time between failures (TBF) and time to corrective maintenance (TCM), we considered the following distribution types: exponential (E, with one parameter -α), Weibull (W, with two parameters-α and β), normal (N, with two parameters-α and β), lognormal (L, with two parameters-α and β), Gamma (G, with one parameter-β). Probability density functions (f(t)) appear in [1, 2] . For each of the mentioned distributions, average (m) and dispersion (σ 2 ) of TBF and TCM variables are: 
ESTIMATION METHODS OF THE DISTRIBUTIONS PARAMETERS
The estimation for the parameters of the mentioned distributions is based upon three methods: the method of the least squares (MLS), the maximum-likelihood method (MLM), and the method of moments (MM). We consider that variables TBF and TCM are represented by a string of values t i , i=1...n (where n is the number of string's values). Since the distributions taken into account have one or two unknown parameters, we apply the methods for the case with two parameters (α and β).
1. The method of the least squares (MLS) estimates the unknown parameters for the distribution functions based on the sum of squares (S) minimization of the differences between empirical distribution function (F*(t i )) and theoretical distribution function (F(t i )). The sum S is determined using the relation:
where n represents the number of sample values of the TBF, respectively TCM variables. F*(t i ) is the empirical distribution function, defined as 0 if t<t 1 , i/(n+1) if t i-1 ≤t<t i , 1 if t>t n . 2. The maximum-likelihood method (MLM) estimates the distributions parameters (assuming independence of the sample values) from the condition that the likelihoodfunction (L(t i , α,β)) reaches the maximum value: Prague, 8-11 June 2009
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3. The method of moments (MM) estimates the parameters of the theoretical distributions from the condition of the equality between statistical average (m*) and theoretical average (m), respectively statistical dispersion (σ* 2 ) and theoretical dispersion (σ 2 ). Thus it results a system of two equations with two unknown parameters (α, β).
The maximum deviation between the empirical function (F*(t i )) and the theoretical function (F(t i )) was computed using the following relation:
The estimation of the α, β parameters was accomplished through computation modules in Mathcad. Distributions testing used the Kolmogorov-Smirnov test, taking into account the level of significance of 5%.
CASE STUDY
On a seven years period it was studied the operational behavior of a 110kV power equipments sample, consisting in power transformers of 110kV/MV (PT), manual isolating switches (MIS), and breakers (B). Based upon the reports referring to the events affecting the mentioned equipments, we extracted the values of the TBF and TCM variables. We mention that in case of TBF variable the volume of the data sample is 109 for PT, 31 for MIS, 298 for B; in case of TCM the volume of the data sample is 109 for transformers, 21 for manual isolating switches, 250 for breakers. Through statistical analysis of the relevant data we established the parameters values of the studied distributions (E, W, N, L and G) for TBF (Table1) and TCM (Table 2) , through the three mentioned methods (MLS, MLM, MM). The maximum deviations (D max ) between the theoretical function (E, W, N, L, G) and the empirical (F*) function were computed with the relation (10). Also, in Table1 and  Table 2 are presented the accepted and the rejected distributions, marked with an A (Accepted), respectively R (Rejected). The sum of squares (S) was established with the relation (6). We notice that for all the power equipments taken into account, the application of the different estimation methods determines different values of α, β parameters. However, generally speaking, for the accepted distributions the values of these parameters are close. It comes out that the accepted distribution types are more often Weibull and lognormal, both in case of TBF and TCM variables. Exponential distribution is accepted for TBF variable, in case of MIS and B, respectively for TCM variable for MIS equipments. The values of average (m) and standard deviation (σ) are computed for the situation in which the tested distribution is accepted. The computations of the indices m and σ were done using the α, β parameters obtained through the method with lesser deviation D max . 
The values of the critical deviations (D cr ) of KolmogorovSmirnov test for the volume of the data sample are presented in Table 2 and Table 3 . Table 3 presents the averages (m) and the standard deviations (σ) of the TBF and TCM variables, for each distribution type (E, W, N, L, G). The computations were made based upon the estimated parameters, using the relations 1÷5. For a certain distribution type there were selected the parameters obtained through the method with lesser deviation D max (it was MLS as a rule). In Table 3 (Table 3) , comparing with the values range indicated by the normatives [7] . In Fig. 1 and Fig. 2 is depicted the empirical function (F*) and the theoretical functions (E, W, N, L, G) for TBF variable and power transformers, respectively breakers.
CONCLUSIONS
The paper presents different estimation methods for the distributions' parameters modeling TBF and TCM variables of the 110kV power equipments. These methods determine different values of the parameters (α, β) for the considered distributions.
The results indicate that TBF and TCM variables of the 110kV/MV power transformers can not be represented through an exponential function. For TBF variable the theoretical functions corresponding to the highest quality of fitting to the empirical function are Weibull and lognormal distribution, and in case of TCM variable is lognormal distribution, considering a 5% level of significance. In case of breakers' sample the validated distributions are exponential, Weibull and lognormal (only for TBF), and for manual isolating switches the accepted distribution types are exponential, Weibull, normal and lognormal (TBF), respectively exponential, normal and Gamma (TCM). Taking into account the average values (m) and standard deviation values (σ) obtained for TBF and TCM variables, we notice that these values are different, depending on the distribution type (E, W, N, L, G). This fact will have an influence upon the reliability indices of the power system (SAIFI, SAIDI etc).
